Few studies have examined thalamic development in the embryonic mammalian brain. For a better understanding of the development of the thalamus, the time sequence of the location of neurons in thalamic nuclei was examined in a developing marsupial embryo and fetus. To accomplish this, uptake of tritiated thymidine was examined in the gray short-tailed opossum (Monodelphis domestica) from 3 days before birth through 16 days after birth. Total neurogenesis was optimal 4 days after birth. Plots of the labeled cells revealed that thalamic and cortical development are almost concurrent, similar to the time course of eutherian mammals. A consistent time gradient of proliferation in dorsal thalamus was not found. Rather, sectors of the dorsal thalamus showed significant differences regardless of day of development. The dorsal sector showed more neurogenesis than the ventral sector, caudal more than rostral, and lateral more than the medial sector. An analysis of individual nuclei of dorsal thalamus showed no significant differences in amount of neurogenesis with day of injection.
The complex organization of the central nervous system arises from closely regulated schedules of cell proliferation and migration during early neurogenesis. Postmitotic neurons migrate outward from ventricular and subventricular zones to brain regions that are determined by their time of birth rather than by nuclear boundaries (Vaglia and Smith 2003) . For that reason, investigators have looked for universal gradients in the central nervous system as a reflection of some fundamental principle of development (Altman and Bayer 1979c) . Thus, in his pioneering study of the time of neuronal origin in the diencephalon of the house mouse (Mus musculus), Angevine (1970) described 3 chronological gradients, a ventrodorsal, a caudorostral, and a lateromedial gradient. All except the ventrodorsal gradient were supported by other work (Coggeshall 1964; Jones 1985; Rose 1942a Rose , 1942b . However, examination of the data does not unequivocally support the idea of a ubiquitous cytogenetic gradient throughout the thalamus. That is, in some studies it is unclear whether these gradients exist across the thalamus as a whole, or even within individual nuclei (Altman and Bayer 1979a , 1979b , 1989a , 1989b Hickey and Hitchcock 1984) . Accordingly, it has been suggested that there is a multiplicity of subsystems, each with its own gradient (Altman and Bayer 1989a) . Because of these inconsistencies, it was hoped that an examination of development extended to earlier time periods would lead to better understanding of the developmental sequence. Because the marsupial brain can be looked at in earlier stages of development than a placental brain, this was the subject of my examination. The assumption was that knowledge of an early mammalian plan would give me clues about the development of the placental brain, and ultimately about the development of the human brain.
The present study examined the hypothesis that the cortex and thalamus begin development at the same time, as suggested by others (Sanderson and Weller 1990) . The majority of developmental studies have concentrated on the cortex (Gould et al. 1999; Huffman et al. 1999; Rakic 1974) and few on the thalamus (Altman and Bayer 1979a , 1979b , 1979c , 1989a , 1989b ). Yet these 2 brain regions are inextricably interconnected and codependent upon each other. In fact, 1 view is that the thalamus may be the driving force at least for some of the changes in the developing cortex (Boltz et al. 1993; Molnár and Blakemore 1995; Rakic 1974 Rakic , 1977 Schlagger and O'Leary 1991) . In turn, there is also evidence that the cortex affects thalamic development. That is, knowledge of one gives insight about the other. For example, it has been shown that the increased differentiation of the primate cortex is reflected in the increased differentiation of the thalamus. Thus, knowledge of thalamic development may give insight as to its interactions with the cortex, giving unique information about cortical development that cannot be obtained by examination of cortex alone.
A 2nd hypothesis of the present study was that there would be differential rates of development in the dorsal thalamus. This prediction was tested in the gray short-tailed opossum (Monodelphis domestica) by injecting tritiated thymidine during early embryonic and fetal stages and then examining the number of radioactively labeled cells in dorsal thalamus. A clear gradient of thalamic development has not been found consistently Bayer 1989a, 1989b) . In fact, the gradient of neurogenesis has been shown to change course. For example, it has been proposed that in early gestational periods the development is from caudal to rostral but later the pattern changes to a rostral to caudal gradient as seen in the visual nuclei (Altman and Bayer 1989b) .
Third, this study examined whether the development of a marsupial brain might show a broader range of neurogenesis than shown by the placental brain. That is, an examination of thalamic development in a marsupial allows for an examination of earlier stages of development than in placentals. The peculiarities of marsupial reproduction include a protracted period of development in the pouch, which provides advantages for research into mammalian neuroembryology (Mark and Marotte 1992; Sanderson and Aitken 1990; Sanderson and Weller 1990) . Because the embryos leave the uterus they are available for manipulation and examination at a much younger age than is possible with placental species. This allows examination of a broader time sequence as well as enhancing the ability to make interlitter comparison because there is control over the amount of thymidine (or label) received by each fetus.
MATERIALS AND METHODS
Before giving birth, mothers were injected with thymidine. At or after birth, direct intraperitoneal injections were made of the in-pouch fetuses, allowing control of the quantity of thymidine each fetus received and an enhanced ability to compare early development of littermates. All animals were sacrificed as adults and then their brains were examined.
Laboratory-bred gray short-tailed opossums were used. A breeding colony at Florida State University was maintained for more than a 10-year period. Surgical technique and animal care followed federal guidelines and were approved by the Animal Care and Use Committee (IACUC of Florida State University) and followed guidelines of the American Society of Mammalogists (Animal Care and Use Committee 1998) and American Veterinary Medical Association (AVMA Panel on Euthanasia 2001). All gray short-tailed opossums were housed in polycarbonate boxes (48.3 Â 21.6 Â 19 cm high) either singly or in pairs. Animals were maintained on a 12L:12D light cycle with lights coming on at 0700 h. Adult females were housed with males for 14 days and then separated. Females were then checked for neonates daily.
Precursor cells for neurons, mainly located on the ventricular surface of the neural tube, usually undergo symmetric division in early stages of brain development. That is, each cell produces 2 daughter cells that may divide again and again. The precursor pool thus increases by an exponential function appropriate to the rate of cell division and the number of precursor cells. Neurons are said to have their ''birthday'' when a precursor cell undergoes a symmetric division and the resulting neuroblast exits the precursor pool and differentiates as a neuron. In the present study, the peak of neuronal birthdays in each sector of the thalamus is a measure of the duration of cytogenesis for that sector.
Parturition or birth is defined as the time the embryo or fetus leaves the birth canal, although in marsupials a yolk placenta is still attached. The gray short-tailed opossum has a gestation period of 14-15 days and leaves the pouch at about 50 days (Darlington et al. 1999) .
[ 3 H]Thymidine (Amersham, Piscataway, New Jersey; specific activity 5.0 Ci/mmole; 7.5 lCi/g body weight) injections were made from day À3 (preparturition or embryonic) to day þ16 (postparturition or fetal; n ¼ 68). Before birth (preparturition), the mother was injected with thymidine (n ¼ 12). For that reason, groups were sometimes composed of individuals from the same litter. On the day of birth and postparturition the fetuses were injected directly (n ¼ 56). There were 17 groups that ranged in size from 2 to 10 subjects.
Pressure injections of 0.01-2.0 ll of thymidine were made by means of a Hamilton syringe (Hamilton Company, Reno, Nevada) through a glass pipette. On preparturition days (days À3 to À1), pregnant females were injected subcutaneously on a single day with 1 dose of [ 3 H]thymidine. On the birth day and postparturition days (days 0 to þ16), neonates (n ¼ 56) were injected intraperitoneally with 1 dose of [ 3 H]thymidine on a single day. For all animals the injections were made between 1200 and 1300 h. A restricted time frame was used because it has been shown that [
3 H]thymidine is only available for uptake for about 4 h (Hickey et al. 1983) .
Sixty-eight animals were sacrificed as adults, at a postnatal age of 60-70 days. Two or more animals from each injection group were deeply anesthetized with sodium pentobarbital and transcardially perfused with physiological saline followed by fixative (10% formalin made up in a 0.1 M phosphate buffer of pH 7.4 with 3% sucrose). Brains were removed and placed in the fixative for 2-3 days, then defatted and embedded in paraffin. Paraffin sections were cut serially at 10 lm in a coronal plane. Sections were mounted on slides, covered with gelatine, deparaffinized, and coated with Kodak NTB-2 radiosensitive emulsion (Kodak; New Haven, Connecticut; diluted 1:1 in a 0.1% detergent solution) and exposed at 408C for !42 days. One set of sections was developed with D-19 and stained for cell bodies with cresyl violet stain. A 2nd set was stained for fibers with Weil stain. Standard histological procedures were followed (Sidman 1970) .
It has been shown that exogeneous thymidine serves almost exclusively as a DNA precursor (Freidkin et al. 1956; Reichard and Estborn 1951) . It has also been demonstrated that thymidine incorporated into DNA remains there as a fixed component during the life span of the cell (Hughes et al. 1958) . These fixed components could be visualized under the microscope as small dots over the soma of a neuron, which is categorized here as a labeled cell.
I compared sections containing cells labeled with thymidine according to the day on which the injection was made, then by thalamic nuclei containing the labeled cells, and finally according to the sector of the thalamus in which they were found. Mounted brain sections were examined for labeled cells under lightfield microscopy at highpower magnification (40Â). Cells were quantified at 6 equidistant coronal levels from rostral to caudal. A minimum of 2 specimens was examined in every relevant survival group.
Serial reconstructions of the distribution of nuclear label within sections were plotted on magnified drawings with the aid of a Microplotter 4000þ computer-drive plotting system (Dialog Instruments, Tallahassee, Florida). Cells were only counted if they had at least 4 grains of thymidine above background levels.
To determine if there was a gradient across embryonic days, I tallied the number of labeled cells in each sector of the thalamus on the day of injection. A Spearman rank correlation was used to determine if there was a consistently increasing or decreasing trend in number of labeled cells. In addition, for the period of 1-10 days after birth, cell counts were made of cortical areas to allow comparison with thalamic development.
Both cytoarchitectural and stereotaxic subdivision of the thalamus of the gray short-tailed opossum are shown in Fig. 1 . I compared each dorsal thalamic nucleus to all other dorsal thalamic nuclei with a 1-way analysis of variance (ANOVA). I did not examine the epithalamus and hypothalamus. The ventral lateral geniculate nucleus was included because Altman and Bayer (1989b) have suggested that neurons in the ventral lateral geniculate originate from a neuroepithelial complex that is the source of the 2 other visual components of the thalamus, the lateral geniculate and the lateral posterior nuclei.
From the sections stained either for cell bodies or fibers it was possible to identify cytoarchitectonic areas. These distinctions were aided by the descriptions of thalamic cytoarchitecture of other marsupial species (Oswaldo-Cruz and Rocha-Miranda 1968; Sanderson and Aitken 1990) . Thalamic nuclei were not clearly identifiable until about age day 30. Because sacrifice was made at days 60-70, thalamic distinctions in this material were clear (Fig. 1) . Cytoarchitectural boundaries of thalamic nuclei were drawn with the aid of a microprojector using the same counterstained section that was examined for thymidine label. These drawings were traced on an overlay that was subsequently put on top of the magnified drawings. Both images were scanned and reduced in size.
Stereotaxic coordinates were used to divide dorsal thalamus into sectors roughly equal in area (Fig. 1) . The division of dorsal thalamus into sectors allowed unambiguous assignment of each thalamic cell to 1 of 2 sectors for each of 3 analyses (e.g., the caudal sector for the rostrocaudal analysis, the dorsal sector for the dorsoventral analysis, and the medial sector for the mediolateral analysis, etc.).
I did ANOVAs to compare the number of thymidine-labeled neurons in each of the sectors (medial to lateral, dorsal to ventral, and rostral to caudal; Table 1 ). Although most nuclei were in only 1 of 2 sectors, because of its long rostrocaudal extent the medial dorsal nucleus was subdivided into a rostral and caudal sector for the rostrocaudal analysis.
RESULTS
When I used a total count of labeled cells in dorsal thalamus I did not find a gradient of development across days (Fig. 2) . That is, a Spearman rank correlation showed no consistent trend, but instead there was a burst of development both of thalamus and cortex on the 4th day after birth. A major finding was the occurrence of neurogenesis at an early time-the 1st day after birth, which occurred in nuclei throughout dorsal thalamus (Figs. 2-5) .
Although I did not find a consistent gradient across days, ANOVA showed significant differences on days 1, 2, 8, 10, and 16 after birth (all P , 0.0001; Table 1 ). That is, there was increased neurogenesis on particular days, but not in a consistent, graded fashion. For example, a comparison of dorsal versus ventral sectors showed significant differences on days 1, 2, and 8 after birth (P , 0.0001; Table 1 ). A comparison of rostral versus caudal sectors showed significant differences on days 1, 8, 10, and 16 after birth (P , 0.0001; Table 1 ). A comparison of lateral versus medial sectors showed significant differences on the 16th day after birth (P , 0.0001; Table 1 ). A comparison of the lateral sector of dorsal thalamus compared to all other sectors showed it developed differently than other sectors, and its greatest proliferation was on the 16th day after birth.
For postnatal days 1-10 the development in dorsal thalamus was concurrent with that of cortex, although cortical development occurred at a faster rate (Fig. 2) . This is not surprising considering the increased number of cells in cortex. For example, on the 3rd postnatal day there were 5 times more labeled cells in cortex as in dorsal thalamus. Optimal neurogenesis of both thalamus and cortex was on the 4th and 7th days after FIG. 2.-Thalamic, cortical, and total number of labeled cells in the gray short-tailed opossum. Cortical development exceeds thalamic development with a greater number of cells but occurs concurrently and is most active 4-10 days after birth. Development is shown as average number of labeled cells in sections through dorsal thalamus and cortex relative to age of fetus when injected with thymidine. birth. Total neurogenesis (cortex and thalamus combined) was optimal on the 4th day after birth.
The most significant pattern of neurogenesis was found by an examination of sectors of dorsal thalamus. Each of the sector differences (dorsal to ventral, caudal to rostral, and lateral to medial; Table 1 ; Fig. 3 ) was significant regardless of day of injection. The dorsal sector of dorsal thalamus had significantly more neurogenesis than the ventral sector, caudal more than rostral, and lateral more than medial (all P , 0.0001). Because sector differences were not consistently graded with the day of injection, this labeling reflects the density of neurogenesis rather than its time course.
A major cause of the difference between the dorsal and ventral sectors of dorsal thalamus is the density and extension of neurogenesis throughout the dorsal sector (dorsal, 132 sections; ventral, 120 sections; Fig. 3A) . In .50 sections of the dorsal sector there were at least 3 labeled cells and up to 20 labeled cells. In contrast, in the ventral sector of dorsal thalamus 32 sections had 1 labeled cell and there were 1-16 sections with up to 15 labeled cells. The most striking difference between dorsal and ventral sectors is that 40 more sections in dorsal sector of dorsal thalamus had at least 3 labeled cells, and overall, the dorsal sector had more labeled cells (P , 0.0001).
In the caudal sector of dorsal thalamus, there were up to 109 sections with labeled cells compared to 81 sections in the rostral sector. Most sections in the caudal sector had 3-5 labeled cells (first 3 bars in Fig. 3B, left) . Some sections in the caudal sector had as many as 30 labeled cells as compared to a maximum of 21 in the rostral sector. In the rostral sector 1-13 sections had up to 21 labeled cells and most sections had 1-10 labeled cells. Overall there were more labeled cells in the caudal sector of dorsal thalamus (P , 0.0001).
At 10 days after birth more neurogenesis was found in the lateral nuclei of the thalamus than in the medial nuclei (Figs.  3C and 4) . The lateral sector of dorsal thalamus had 138 sections with labeled cells, whereas the medial sector had 87 sections. In the lateral sector 37-45 sections had 3-5 labeled cells compared to an equivalent number in 8-10 sections in the medial sector (Fig. 3C : compare bars 1-3 left to bars 3-5 right). In the lateral sector 1-45 sections had up to 46 labeled cells. The highest number of labeled cells in any 1 section in the medial sector was 22. Most sections in the medial sector had 1-8 labeled cells. In sum, most labeled cells were found in the lateral sector both in the context of medial versus lateral and also across all sectors (P , 0.0001). Early neurogenesis on the 1st day after birth occurs for nuclei throughout the dorsal thalamus. That is, the anterior and rostral nuclei (anterior medial, ventral anterior, anteroventral, and medial dorsal) and the visual nucleus (lateral geniculate) showed neurogenesis at an early stage (the 2nd day after birth; Fig. 5A ).
Neurogenesis within individual nuclei of dorsal thalamus showed differential rates of development. The medial dorsal nucleus began development on the 1st day after birth, had maximum development on the 4th day but was still generating new neurons on the 16th day. Development starts early in the visual nucleus (lateral geniculate), and extends throughout the period, with maximum development the 4th and 10th days after birth (P , 0.001; Fig. 5) . Similarly, the auditory nucleus (medial geniculate) shows a spurt of neurogenesis on the 10th day after birth. The only nucleus that developed later was the lateral dorsal, with maximum development on the 10th and 16th days after birth.
There was extensive labeling particularly the 4th and 10th days after birth in nuclei known to have sensory and motor functions (lateral dorsal, lateral ventral, ventral anterior, and anteroventral) . At caudal levels I found the most neurogenesis in the nucleus for pain perception, the ventral basal nucleus, 8 and 10 days after birth (P , 0.0001). Some label also was found in the visual nucleus, lateroposterior, 6 days after birth, with maximum development 10 days after birth. Neurogenesis occurred in the nucleus related to frontal lobe functions, medial dorsal, from 2 to 12 days after birth with a marked spurt of growth on the 4th day (Fig. 5A) . On the 10th day after birth a greater number of labeled cells was found in the most caudal nuclei of dorsal thalamus (medial and lateral geniculate; P , 0.001).
DISCUSSION
In the present study significant differences were found between dorsoventral, caudorostral, and lateromedial sectors of the dorsal thalamus, with the dorsal sector showing more neurogenesis than the ventral, caudal more than rostral, and lateral more than the medial sector. The earliest cells were generated 1 day after birth. I found that sector differences in the amount of neurogenesis in dorsal thalamus were only significant when days were collapsed. That is, a clear time gradient in these sector differences was not found. This lack of a clear gradient is consistent with studies by Bayer (1989a, 1989b) . My findings in the gray short-tailed opossum are consistent with those in the brown rat (Rattus norvegicus), in which it was found that nuclear differentiation within the thalamus starts caudally and laterally, and proceeds rostrally and medially Bayer 1989a, 1989b; Coggeshall 1964; Jones 1985; McAllister and Das 1977; Rose 1942a Rose , 1942b . However, the gray short-tailed opossum is unlike the brown rat in that these differences only are apparent when days are collapsed. Also, it is unlike the brown rat in that the dorsal sector of dorsal thalamus displayed more neurogenesis earlier than the ventral sector (Angevine 1970; Jones 1985) .
The differences in the amount of neurogenesis between dorsoventral, caudorostral, and lateromedial thalamic sectors are discussed below. Although I did not find a consistent gradient over time for any of the sectors, I did find increased neurogenesis in the dorsal as compared to the ventral sector of dorsal thalamus over the entire time course. A dorsoventral gradient also has been found at the nuclear level (Crossland 1987) . However, this result is not consistent with gradients shown in several previous studies (Angevine 1970; review by Jones 1985) . This may be simply because few data are available on dorsal to ventral development.
The enhanced neurogenesis in the caudal as compared to the rostral sector of dorsal thalamus shown here is consistent with the development in the brainstem of the brown rat in which a caudal to rostral gradient has been shown with peak days of neurogenesis from embryonic days 12 to 17 (Altman and Bayer 1989a) . Similarly, a developmental pattern from caudal to rostral has been found in certain nuclei (medial geniculate [McAllister and Das 1977] and ventral lateral geniculate and lateral posterior Bayer 1989a, 1989b] ). However, this result is not consistent with the rostrocaudal gradient noted by Angevine (1970) . This developmental sequence also is not consistent with the general embryology of the species in which rostral proamnion forms are followed by the caudal tail amnion (Caviness et al. 1995; Selwood 1994) .
I found that more neurogenesis occurred in the lateral than in the medial sector over the entire time course. This is consistent with the outside-in hypothesis, in which a lateral to medial pattern has been described in the thalamus of the common brushtail (Trichosurus vulpecula-Sanderson and Weller 1990) as well as in brown rats and house mice Bayer 1979a, 1979b; Angevine 1970; Gardette et al. 1982; McAllister and Das 1977) . In the common brushtail the time of neurogenesis in the lateral thalamus was during postnatal days 5-12, whereas in the medial thalamus it occurred later at postnatal days 9-18 (Sanderson and Aitken 1990) . In the brown rat, visual (lateral geniculate) and auditory (medial geniculate) nuclei also have been found to develop in a lateral to medial direction (Altman and Bayer 1989b; Angevine 1970) .
However, other studies have found a pattern consistent with an ''inside-out'' hypothesis, in which a medial to lateral pattern has been described. For example, the medial geniculate has been found to be the earliest arising structure in the group of thalamic relay nuclei Bayer 1979a, 1979b) .
Two phases of thalamic growth have been distinguished; 1st, an early phase during which the epithalamus, dorsal thalamus, and ventral thalamus differentiate from one another, followed by a later phase during which the individual nuclei differentiate within these subdivisions (Molnár and Hannan 2000) . These phases are thought to be similar in all mammals, although the time sequence may vary (Clancy et al. 2001; Darlington et al. 1999; Finlay et al. 1998; Jones 1985) . In the brown rat, virtually all thalamic neurons are born between embryonic days 13 and 19 (Altman and Bayer 1979a , 1979b , 1989a , 1989b McAllister and Das 1977) . However, in the gray short-tailed opossum all thalamic neurons are born between postnatal day 1 (present study) and day 18 (Sanderson and Aitken 1990) .
There is a question if cellular proliferation occurs at an earlier stage in marsupial or placental species. A regression model has led to the prediction that the marsupial brain matures later than the placental brain (Clancy et al. 2001 ). However, other literature including the present study indicates maturation may be earlier in the marsupial (Molnár 1998; Sanderson and Weller 1990) . Thus, in the common brushtail cell birth was found to be substantial during the 1st postnatal week (Sanderson and Weller 1990) . Thalamic relay neurons in the motor and pain nuclei (ventral lateral and ventral posterior) in that marsupial were thought to begin at day 1 if not earlier and were completed by postnatal day 12 (Sanderson and Weller 1990) . The present study confirms this pattern of development in another marsupial, the gray short-tailed opossum. It also shows that maximal thalamic and cortical development occurs from the 1st to the 4th day after birth, as discussed below.
Simultaneous cortical and thalamic development.-The present results support other findings in marsupials showing concurrent thalamic and cortical development (Molnár 1998; Sanderson and Weller 1990) , in contrast to that found in ro-dents (Lund and Mustari 1977) , carnivores (Ghosh and Shatz 1992; Shatz and Luskin 1986) , and primates (Kostovic and Rakic 1990; Rakic 1977) .
The finding of concurrent thalamic and cortical development at early embryonic days helps underscore the dependency of cortex on thalamic development. The simultaneous development of the cortex and thalamus also has been found in eutherian species but at a later time than found in marsupials. Thus, the cortex in the gray short-tailed opossum is more mature 7 days after birth than the equivalent stage in the brown rat (15-16 days after birth) or house mouse (14-25 days after birth-Molnár, 1998).
In most studies the cortex continues to develop past the apparent completion of development of the thalamus (Molnár and Blakemore 1995). Nuclei born later in the thalamus may be the 1st to project to the cortex. That is, projections from thalamus to the cortex in the gray short-tailed opossum have been shown to proceed in a rostromedial to caudolateral sequence (Molnár 1998).
In spite of the increased demands on marsupial offspring, neurogenesis in the cortex of marsupial species takes longer than that in eutherian species. Thus, although the thalamic development in a common brushtail neared completion at embryonic day 12, cortical development continued for 57 days. That is, cortical development was extenuated beyond that found in most mammals (Sanderson and Weller 1990) .
Marsupials versus placentals.-The present report shows dorsal thalamus of the gray short-tailed opossum develops earlier (the 1st day after birth) than dorsal thalamus of placental mammals. This may be a major difference between subclasses of marsupials and placentals. Early development has also been shown in the common brushtail (Sanderson and Weller 1990) and the quokka (Setonix brachyurus-Harman 1997; Harman et al. 1995) . Direct comparison to placentals is somewhat difficult because the speed of neurogenesis has been found to vary widely among placentals (Caviness et al. 1995) .
The earlier time of neurogenesis found in marsupials may be due to increased requirements for early development in the marsupial. Marsupials must become more self-reliant at an earlier age than is required by placentals because they must learn to nurse at an early fetal stage. Their brain and motor capacity must be advanced enough to achieve that level of development.
A regression model predicts that developmental events in the period from conception to eye-opening are generated much earlier in marsupials than in eutherian mammals (Darlington et al. 1999; Robinson and Dreher 1990) . In contrast, events after that occur at the same stage in marsupials and placentals, when the procession of events appears to be slower compared to eutherians (Darlington et al. 1999) . It was proposed that this slowdown is related to longer weaning times (50 days in the gray short-tailed opossum as opposed to 21 days in the common hamster [Cricetus cricetus]).
Thus, although early development may initially be hastened in marsupials, this fast rate is not consistent and appears to slow after the development of the essential sensory and motor connections between the thalamus and the cortex.
